An international inquiry was held in 2002/2003 on worldwide limits and regulations for mycotoxins, under contract with the Food and Agriculture Organization. The survey has shown that, by the end of 2003, more than 100 countries (covering > 90 % of the world's inhabitants) had specific regulations or detailed guidelines for mycotoxins. Mycotoxins for which currently (proposed) limits and regulations exist include the naturally occurring aflatoxins, aflatoxin M,, agaric acid, deoxynivalenol, diacetoxyscirpenol, the fumonisins B1, B2 and B3, HT-2 toxin, ochratoxin A, patulin, phomopsins, sterigmatocystin, T-2 toxin and zearalenone.
Introduction
In today's changing world, safety and security have remained basic human needs, and securing safe food has been a major focus of (inter-)national government action over the last years. Both microbiological and chemical hazards are of concern. Of the Please note that at the time of publication the figures mentioned were not yet final and may therefore be subject to further adjustments. The word "regulations" in this paper also includes other arrangements, such as "guidelines". chemical hazards, mycotoxins currently form a major food safety issue. The knowledge that mycotoxins can have serious effects on man and animals, have led many countries to establish regulations on mycotoxins in food and feed in the last decades to safeguard the health of humans and the food chain. The setting of mycotoxin regulations is a complex activity, which involves many factors and parties. The first limits for mycotoxins were set in the late 1960s for the aflatoxins. To date, there are more than 100 countries in the world which have specific limits for mycotoxins in foodstuffs and feedstuffs, and the number is still growing. In the article below, the developments in the mycotoxin regulatory area will be briefly discussed. Some observations for the various world regions will be presented, and information will be provided on the legal limits established worldwide for the most significant mycotoxins in food and feed. Finally, some conclusions and recommendations will be made. The first two factors provide the necessary information for hazard assessment and exposure assessment respectively, the main ingredients for risk assessment. Risk assessment is the primary scientific basis for the establishment of regulations.
Hazard assessment
Regulations are primarily made on the basis of known toxic effects. For the mycotoxins currently considered most significant (aflatoxins, ochratoxin explanation of the mycotoxin, metabolism, toxicological studies, and final evaluation.
Along with the mycotoxin evaluations, the committee put forth general considerations on sampling, analytical methods, associated intake issues and control. Exposure assessment In addition to information about toxicity, exposure assessment is another main ingredient of the risk assessment. Reliable data on the occurrence of mycotoxins in various commodities and data on food intake are needed to prepare exposure assessment. The quantitative evaluation of the likely intake of mycotoxins is quite difficult. In its 56th meeting, JECFA stressed the importance of the use of validated analytical methods and the application of analytical quality assurance (see also the section on Methods of Analysis) to ensure that the results of surveys provide a reliable assessment of intake. In most of the JECFA reviews of mycotoxins, the analytical data on the levels of contamination were often inadequate from developed countries and nonexistent for developing countries.
Because most mycotoxin contamination is heterogeneously distributed, sampling is another important consideration in the development of information on the levels of contamination.
Sampling procedures
The distribution of the concentration of mycotoxins in products is an important factor to be considered in establishing regulatory sampling criteria. The distribution can be very heterogeneous, as is the case with aflatoxins in peanuts. The number of contaminated peanut kernels in a lot is usually very low, but the contamination level within a kernel can be very high. If insufficient care is taken for representative sampling, the mycotoxin concentration in an inspected lot may therefore easily be wrongly estimated. Also, consumption of peanuts could lead to an accidental high single dose of aflatoxins, rather than a chronic intake at a relatively low level. A similar situation could occur with pistachio nuts and figs. The risk to both consumer and producer must be considered when establishing sampling criteria for products in which mycotoxins are heterogeneously distributed. The design of sampling procedures has been an international concern for a long time, for instance FAO and Codex Alimentarius have been active in this area. Discussions in working groups of these international organisations are continuously carried out to find a harmonized international approach. Methods of analysis Legislation calls for methods of control. Reliable analytical methods will have to be available to make enforcement of the regulations possible. In addition to reliability, simplicity is desired, as it will influence the amount of data that will be generated and the practicality of the ultimate measures taken. 
Trade contacts
Preferably, regulations should be brought into harmony with those in force in other countries with which trade contacts exist. In fact, this approach has been applied both in the areas of the EU (European Union), MERCOSUR (Mercado Comun del Sur) and Australia/New Zealand, where now harmonized regulations for some mycotoxins exist. Strict regulative actions may lead importing countries to ban or limit the import of commodities, such as certain food grains, which can cause difficulties for exporting countries in finding or maintaining markets for their products. For example, the stringent regulations for aflatoxin B, in animal feedstuffs in the EU, led European animal feed manufacturers to switch from groundnut meal to other protein sources to include in feeds; this had an impact on the export of groundnut meal of some developing countries.
The distortion of the market caused by regulations in importing countries may lead to export of the less contaminated foods and feeds leaving those inferior foods and feeds for the local market. Some countries apply different limits for aflatoxin in certain products depending on the destination.
Food supply The regulatory philosophy should not jeopardize the availability of some basic commodities at reasonable prices. Especially in the developing countries, where food supplies are already limited, drastic legal measures may lead to lack of food and to excessive prices. At the time of writing, for instance, the dramatic food security situation in parts of Africa has led to measures that prioritise food sufficiency above food safety. Mycotoxins are an important problem as evidenced by occasional outbreaks of human mycotoxicoses and the role of aflatoxins in liver cancer in western Africa and fumonisins in oesophageal cancer in South Africa. Synopsis Weighing the various factors at the interface of science, food security and regulations is not a trivial activity and common sense is a major factor for reaching a decision. Public health officials are confronted with a complex problem: mycotoxins, and particularly the carcinogenic mycotoxins, should be excluded from food as much as possible. Since the substances are present in foods as natural contaminants, however, human exposure cannot be completely prevented, and exposure of the population to General observations On a worldwide basis, at least 100 countries had mycotoxin regulations for food and/or feed in 2003 (see Fig. 1 Europe has extensive and detailed regulations for mycotoxins in food. In the EU, now consisting of 15 countries but soon expanded with another 10 countries, harmonised regulations or guidelines exist for several of the mycotoxins. They currently concern aflatoxins in various foodstuffs, aflatoxin M, in milk, ochratoxin A in cereals and dried vine fruits, patulin in apple products, deoxynivalenol in cereals and cereal products and aflatoxin B 1 in various feedstuffs. It is of interest to note that many of the EU candidate countries have mycotoxin regulations, that are often more detailed than those currently in force in the EU. In the coming time (2004 and following years) a significant further expansion of EU-harmonised mycotoxin regulations is expected both for foods and feeds.
The major Latin American agricultural crops (maize, wheat, coffee, cotton, soybeans, barley, sunflower, groundnuts and tree nuts, cocoa and dairy products) are highly susceptible to fungal contamination and mycotoxin production, and 19 LatinAmerican countries are known to have in force specific mycotoxin regulations for food and feed. The aflatoxin regulations in food are often set for the sum of the aflatoxins B1, B2, G, and G2. Harmonised regulations for aflatoxins exist in MERCOSUR member states (a trading block consisting of Argentina, Brazil, Paraguay and Uruguay). Incidentally other countries indicate they follow MERCOSUR regulations.
North America consists only of two countries, the USA and Canada. Both have mycotoxin regulations since many years, and advanced techniques exist for sampling and analysis. In both countries limits for aflatoxins are set for the sum of the aflatoxins B1, B2, G, and G2. In addition to limits for mycotoxins, Canada has also established tolerances for the percentage Fusarium-damaged kernels in wheat and for the percentage ergot in various crops for animal feed. In the USA detailed tolerance levels exist for the sum of the fumonisins B1, B2 and B3 in a wide variety of maize products, which is rather unique. Codex Alimentarius maximum limits The Codex Alimentarius Commission (CAC) is an international organisation, supported by FAO and WHO, aiming at facilitating world trade and protecting the health of the consumer by developing international standards for foods and feeds. Currently 168 countries are member of Codex Alimentarius. Within the CAC, the Codex Committee on Food Additives and Contaminants (CCFAC) derives maximum limits (standards) for additives and contaminants in food, that are decisive in trade conflicts. The CCFAC develops standards in a procedure which follows the principles of risk analysis as far as possible, according to rules and methods as they are laid down in the general Codex Procedural Manual and more specifically in the Codex General Standard for Contaminants and Toxins in Food. In the mycotoxin area CCFAC has established standards for total aflatoxins in unprocessed peanuts, for aflatoxin M1 in milk and for patulin in apple juice. A draft standard has been developed for ochratoxin A in wheat, barley, rice and derived products and proposed standards for DON in cereals are currently under discussion. Specific observations with respect to limits for aflatoxins in food, dairy products and feed The developments in the area of regulations for ochratoxin A show similarities as those for patulin: a significant increase in number of countries that apply limits, and good agreement about the desired limit for cereals and cereal products (see Fig. 8 ). Cereals are considered the major source of human exposure to ochratoxin A. The current and proposed limits for ochratoxin A may need to be reviewed in the near future, pending the outcome and subsequent evaluation by JECFA of an ongoing EC-supported project on "Mechanisms of ochratoxin A induced carcinogenicity as a basis for an improved risk assessment " This project is aimed at establishing whether or not the carcinogenicity of ochratoxin A is considered to arise through a threshold or nonthreshold approach. Regulations have become more diverse with newer requirements regarding official procedures for sampling and analytical methodology. This reflects the general concerns that governments have regarding the potential effects of mycotoxins on the health of humans and animals. At the same time harmonisation of tolerance levels is taking place in some free trade zones (EU, EFTA, MERCOSUR, Australia/New Zealand), and harmonisation efforts are being undertaken for goods moving in international commerce (Codex Alimentarius). This process is slow however, because of the different views and interests of those involved.
Whereas harmonised tolerance levels would be beneficial from the point of view of trade, one might argue this would not necessarily be the case from the point of view of (equal) human health protection around the world. Risk characterisation involves hazard assessment and exposure assessment. The hazard of mycotoxins to individuals is probably more or less the same all over the world (although other factors sometimes play a role as well, e.g. hepatitis B virus infection in relation to the hazard of aflatoxins). Exposure is not the same, because of differences in levels of contamination and dietary habits in various parts of the world. National governments or regional communities should encourage and fund activities that contribute to reliable exposure assessment of mycotoxins in their regions. The availability of inexpensive, validated and easily performed analytical methodology and the application of Analytical Quality Assurance are basic ingredients to come to meaningful data on occurrence, and their development must therefore be stimulated. Efforts to come to improved hazard assessment should preferably be coordinated and funded at the international level. Chronic toxicity studies carried out under Good Laboratory Practice conditions are very time consuming, expensive, and not necessarily bound to certain regions. These studies should be carried out in internationally recognized centres of excellence and their results evaluated by international groups of experts, e.g. JECFA.
The regulations enacted and those under development for mycotoxins in food and feed, should be the result of sound cooperation between interested parties, drawn from science, consumers, industry and policy makers. Only then can realistic protection be achieved.
